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ABSTRACT 
To develop the most efficient method to plant a 20 acre block of Almonds. Taking into account 
all matters and deciding how to earn the most profit. The project  includes: removal of old 
almond field, preparation of field, planting the correct varieties of trees for that meet the 
requirements,  decide and install a correct irrigation system, how to manage the field, harvest, 
pruning, and more. The result will be how much it cost to plant a field of 20 acres, how to 
correctly mange it, and how long until a profit may be seen. It will take into account current 
prices and what the future holds. 
The first phase of the senior project is to take into account the location of the 20 acre block, and 
define the soil type, climate, and other factors that affect almond productivity. Compare the 
results to other samples to find what best fits in the area of development. The second phase will 
consist of removing the old orchard and the correct way to prepare a field. This will include cost, 
and different methods of filed preparation change the production outcome on time and cost. The 
third phase will be to find the correct trees for the climate and pollination, also deciding what 
nursery can best suit the needs of the field. The fourth phase will be planting the field and 
correctly managing it to see a profit in the future. All will end with an evaluation of the best 
methods to earn the most profit in shortest amount of time. 
The results of this project concluded: a drip irrigation system would be, the ground would be 
fumigated, tree varieties would be Nonpareil (50%) Carmel (25%) and Butte (25%), rootstocks 
variety is Nemaguard, with a planting and spacing of 17 feet by 21 feet to have 122 trees per 
acre. The following report consists of how these choices were found and the cost indicated 
throughout the process. 
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Disclaimer Statement 
The university makes it clear that the information forwarded herewith is a project resulting from 
a class assignment and has been graded and accepted only as a fulfillment of a course 
requirement. Acceptance by the university does not imply technical accuracy or reliability. Any 
use of the information in this report is made by the user(s) at his/her own risk, which may 
include catastrophic failure of the device or infringement of patent or copyright laws, 
Therefore, the recipient and/or user of the information contained in this report agrees to 
indemnify, defend and save harmless the State its officers, agents, and employees from any and 
all claims and losses accruing or resulting to any person, firm, or corporation who may be injured 
or damaged as a result of the use of this report. 
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INTRODCTION 
The purpose for this project is to find the most efficient way to grow almonds trees. The 
project is taking place at 2948 Stone Ave, Modesto CA on a lot of twenty acres. 
Currently the lot has eighteen year old carmel/nonpareil trees with flood irrigation and 
the option of sprinklers. The current sprinkler system is not effective due to the age and 
reliability of the system. The lot has almond trees surrounding the north and east sides, a 
bluff to the south, and the west side backs Stone road. Also the property has a main gas 
line running through the field therefore all operations must take that into consideration.  
The soil of the lot has been identify as a sandy loam with packs of hard pan throughout 
the field ranging in depths of five fee and deeper.  
The reason this operation needs to be accomplished is because the current field is not 
efficient. The current trees are old in age which leads to a reduction in yield qualities 
each year. Also the Carmel trees have a bad disease known as “crazy top” which reduces 
almonds on each tree. The field also has not been replanted for a number of years 
therefore there are a large number of trees that are missing resulting in a low number of 
pounds per acre. Lastly the trees were planted on a large scale spread resulting in very 
poor pounds per acre. 
The goal of this project is to properly replant and manage the field in the most efficient 
way. This will involve a number of steps and operations done correctly and in a timely 
matter. First develop an efficient method to plant a 20 acre block of Almonds. Taking 
into account all matters and deciding the best method to earn the most profit. Which 
includes removal of field, preparation of field, planting the correct varieties for best 
pollination, correct irrigation system, how to manage the field, harvest, pruning, and 
more. The result will be how much it cost to plant a field of 20 acres, how to correctly 
mange it, and how long until a profit may be seen. It will take into account current prices 
and what the future holds. The first step is to remove the old trees via a third party, 
followed up soil preparation. The soil preparation that will occur is based on need and 
effectiveness. Fumigation will also be used to kill off all soil disease and pest. After the 
soil is properly prepared: tress, plant spacing, irrigation, and more will have to be 
determined. The end result will be a field of almond trees that will result in the best 
possible yield year after year for a twenty year potential life span. All will end with an 
evaluation of the best methods to earn the most profit in shortest amount of time. 
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LITERATURE REVIEW 
History: 
A search was initiated to identify any items that involve the process of growing almond 
tree to their full potential. This includes methods of existing filed preparation to what 
irrigation systems best suits the trees during their life span. The purpose of this search is 
to find current information on what system/method of planting and raising almonds trees 
is the most successful. Based on the literature results found and real world data from 
growers and the industry a management plan will be put together which will result in the 
most effect method to grow almonds. This will lead to improvement in production yields 
which leads to a larger profit and a year to year basis.  
 With so many factors affecting each almond field, it is sometimes hard to run one to the 
max point of efficiency. Almond growers work on a daily basis to make sure their 
almond trees have all the necessary tools to produce an abundant supply of almonds. 
There are five main categories that the Almond Board (2009) says an almond tree needs 
to grow efficiently.  
 
• Sunlight: The light from the sun gives almond trees energy 
which aids in the photosynthesis process. 
• Water: Trees need lots of water to keep growing; they also 
use water when converting nutrients. 
• Air: Plants breathe, but they breathe through their 
leaves and roots. This process is called transpiration. 
• Nutrients: Many nutrients are already naturally occurring in 
the soil. However, growers must add fertilizers and compost to 
assist the tree in helping produce a good crop. 
• Soil: Healthy, loosely-packed, nutrient-rich soil 
is important for plant health. 
 
Soil Preparation: 
 
With increased pressure on planting almonds on less optimum soil, cost of planting, and 
replanting various lots; it becomes critical to insure the planting environment is the best 
as it can possibly be. If the planted or replanted almonds trees have a good start they will 
continue to grow well producing good yields. But if the trees have a problem in their first 
year, the trees will be stunted and will not grow properly for a long period of time. The 
trees may or may not grow out of the problem, which means growers should put the extra 
effort in site preparation. When replanting a field, one has a couple of options after 
removing the old trees. Normally all roots and various other materials are removed from 
the field. This will allow for future equipment to work properly without roots and 
material messing the equipment up. 
 In most cases of field removal, after the trees are removed via third party, a dozer is 
called in to rip the soil, see table 1.This takes a larger dozer (Caterpillar size D8-D11) so 
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the soil may be correctly broken up to a depth of 6-7 feet. (Andrew. 2003)A field is 
ripped from the north to south and then east to west. It will allow for old roots to come to 
the surface and hardpan (packed soil, much like rock) to be broken up. But if the lot of 
soil is sandy or a sandy loam and no hardpan or compacted layers are in the field ripping 
may not be the best choice. This is when one should backhoe the field where each tree 
will be planted. The backhoe will mix the different layers of soil; it will mix the sandy 
top with the rich clay soils lower in the soil. This way when the new trees are planted the 
roots have the opportunity to penetrate deep into the soil and not have any hardpan stop 
there progression.  
 
Once the soil is properly ripped, a farmer usually has a couple different options again. 
One option is to disk and smooth the fields from the ripping. This can be done because 
the ripper usually leaves large dirt clogs which need to be broken up. Another option is 
have a crew go through the field once again so any more roots of foreign material (old 
irrigation systems) may be gathered from the soil. In most case both actions will be 
followed representing in a smooth clean field. One area many farmers may have to deal 
with is leveling, which may be a direct factor from which irrigation method is used. In 
micro, drip, or sprinkler systems; the field being level may not or may matter. It depends 
on the grower and what he/she sees fit. But in the case of flood irrigation the idea of 
leveling is a must. This will insure all trees to get water and have strait level field to deal 
with. Leveling is done by 8-wheeler tractor and a pull behind laser level scraper, which 
allows a tower to send a signal across the field to the scraper itself, resulting in a level 
field. In a properly leveled field the final grade have a fall of 0.01 to 0.05 feet per 100 
feet of distance. The ideal time for leveling the field is July to August which results in dry 
conditions allowing the soil to not be as compacted as much. In some cases the final 
grade will have allowed much of the top soil to be removed from a certain area and 
placed in another. Therefore further soil samples need to be conducted so the ground may 
be properly prepared for the new trees.  
After leveling if the soil the lot contains more hardpan or compacted soil, the option of 
excavating/backhoe is often completed. This is done by marking out the field and having 
the excavator dig a 6 by 8 foot hole where each tree will be placed. This insures a loose 
soil where the tree can easily grow and have the ability to penetrate deep into the soil. 
Once complete the holes are filled back in and the field is usually disked again.  By this 
time in the field preparation it is in late December of early January and is almost time for 
planting trees. 
 
Table 1. Soil Preparation details 
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Irrigation Design: 
With so many irrigation methods in today’s world a farmer has a variety of options to 
chose from on how to irrigate ones field. Currently there is no best method in the 
industry, but each irrigation system has its pro and cons depending on the soil and area of 
the land. Therefore irrigations systems vary across the state and world, but the best 
irrigation system will only work as good as one manages it. The main types of irrigation 
are: surface irrigation (border, furrow, flood), sprinkler irrigation, and micro-irrigation 
(micro-sprinkler, drip), see table 2. (Edstrom. 2005) 
Surface irrigation is very popular method in the central valley. There is no installation 
cost or cost of maintenance, but a level field is required. The city or county usually 
provides the farmer water through a variety of ditches and canals, allowing water to be 
deliverable strait to the farmer. This system has a number amount of problem that comes 
with it also. Water may not be provided at the time the farmer needs it and proper 
application may be difficult to achieve. Using flood will allow all ground pests such as 
gophers, squirrels, and ants to be removed adding a positive note to surface irrigation. 
The sprinkler irrigation method is widely used when the ground is unlevel, such as in 
rolling hills or irregular shape land where surface irrigation is not plausible. This method 
assures good water penetration uniformly to the land and trees.(Schwankl. 1993) Also the 
amount of water applied and the time the duration may take place is easily controlled by 
the farmer. This allows for the water to be put to good uses and not wasted over 
irrigating. Chemicals and fertilizers can also be placed through the sprinkler line allowing 
for direct application saving time and money. The overall labor rate of using the sprinkler 
method is usually low like surface irrigation allowing in an easy irrigation method. 
Problems of this system include high install cost, high annual cost, and may freeze 
resulting in breaking parts. The water produced by the sprinkler may also come in to 
contact with the trees leaves therefore one must be sure the water or chemical being 
placed through the sprinkler will not hurt the trees.(Schwankl. 1993) 
The last many type of irrigation is micro-irrigation which includes micro sprinklers and 
drip systems. This technique of irrigation is very popular in the central valley because of 
its high versatility. In steady of surface and sprinkler irrigation where high volumes of 
water are used the micro irrigation system applies low volume at an often pace. This 
allows for a different type of irrigation and may lead to different results since the trees 
may always have a certain amount of water. The micro system works very well when 
water supply is low and hard to come by. Also may be used on unleveled ground like the 
sprinkler irrigation system. With the water being applied throughout the week instead 
every three weeks or so, there is no really water standing allowing for much less water 
evaporating. The systems is also costly to install, but doesn’t have the high yearly cost 
like sprinklers. The reason being the sprinkler system takes a high psi to work correctly 
which results in high power cost, the micro system takes low pressure therefore less cost. 
The main disadvantages of micro are: clogging holes, costly install, weeds around 
watered areas, and pests eating/chewing parts.  
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Fumigation: 
In almond preparation many types of methods vary from farmer to farmer, but many 
consider the fumigations process to be the most important. Even through this process is 
expensive, it is well worth it.  
New replant trees often experience harm from diverse replant problems that cause the 
tree to grow abnormal or die when planted after other almond fields. Replant problems 
come from a form of abiotic causes. For example, nutrient deficiencies and toxicities, 
improper soil pH, and soil compaction associated with previous crop production can 
impede development of replanted orchards (Larsen, H. J. 1995). Most almond replant 
problems come from microbial components. For example, populations of plant-parasitic 
nematodes, fungi, and Phytophthora spp. can increase in orchards and singly or 
collectively cause disease on replanted fields. Several species of nematodes attack the 
roots of fruit and nut crops in California (Strand, 1999), and pre-plant soil fumigation 
treatments typically are directed at these pests. Even in the absence of known pests and 
pathogens, young trees tend to lag in growth and productivity when planted after a 
previous generation(s) of the same crop (Larsen, H. J. 1995). Therefore in replanting the 
field a option of fumigation may be sought after. 
 Fumigation is a technique that is applied to the field via dozer and ripper shank and kills 
all living organisms in the soil. Many people choose this method, because it will lead to 
the new trees having a new fair chance in growing and not pick up any of the old trees 
problems. Table 3 shows the variation of fumigating a field and not. The control is trees 
Table 2: Irrigation Methods 
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that were planting without any type of fumigation, therefore where planted back without 
any soil treatment. The others were fumigated using a variety of different types of 
fumigates. The table clearly shows how much the replanted trees strive in fumigated soil 
compared to non fumigated soil. The trunk size in almost every case is more than doubled 
and continually grows faster. 
If the field is fumigated, the field will have to be unoccupied for a time period of 1 
month. This is needed due to the chemicals evolved; warning signs will also have to be 
posted on all four corners of the fumigated field. When fumigating all houses will have to 
be avoided by 50-75 feet this includes shop and other buildings. When the fumigations 
process is occurring the dozer applying the fumigant must be followed by a tractor and 
disc which covers the fumigated ground. The fumigations process is usually hired out and 
done by third party, but the disking is often done by the farmer if the equipment is 
available to him.  
 
Tree Varieties: 
 
One of the first steps in planting an orchard is to decide on the variety of tree and 
rootstock; this will allow one to correctly develop the soil. In the area of almonds there 
are many different types a varieties one can chose to plant. For the Central Valley there 
are 10 main varieties one can choose from. The most common couple is the Nonpareil 
and Carmel, because of their ability to work well together. In the below chart are the 10 
main variety and information on the harvest, shell, and meat/nut itself. Notice all of the 
harvest dates are based on the Nonpareil, because of its superiority and popularity. 
(Welsey. 2006) 
 
Variety  Classification 
Type 
Harvest Shell Nut Pollination 
(Not 
Capable) 
 Nonpareil Nonpareil Blooms and 
harvested 
early. 
Soft shell; 
brown color; 
high suture 
opening. 
Medium, 
flat shape; 
light color; 
smooth 
surface. 
Jeffries, 
Long, IXL, 
Nonpareil, 
Profuse 
Nonpareil 
 Carmel California 
type 
Harvested 25-
30 days after 
Nonpareil 
Soft shell; 
good shell 
integrity; fair 
suture 
opening. 
Medium, 
narrow 
shape; 
slightly 
wrinkled 
surface. 
Carmel, 
Carrion 
Jeffries, 
Livingston 
Monarch, 
Sauret  
 Butte California and 
Mission type 
Harvested 25-
30 days after 
Nonpareil; 
versatile kernel 
applications. 
Hardshell; 
good shell; 
integrity; no 
suture 
opening. 
Small, 
short, wide 
shape; 
wrinkled 
surface. 
Butte 
Table 3. Almond Variety 
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 Padre California and 
Mission type 
Harvested 25-
30 days after 
Nonpareil; 
similar to 
Butte. 
Hardshell; 
good shell; 
integrity; no 
suture 
opening. 
Small, 
short, wide 
shape; dark 
brown; 
wrinkle 
surface. 
Padre 
 Mission  Mission type Harvested 40–
60 days after 
Nonpareil; 
strong flavor; 
not blanchable. 
Hard shell; 
good shell 
integrity; no 
suture 
opening. 
Small, 
short wide 
shape; 
dark 
brown; 
deep 
wrinkled 
surface. 
Ballico, 
Languedoc 
Mission 
 Monterey  California 
type 
Harvested 40–
60 days after 
Nonpareil; 
high 
percentage 
of doubles. 
Hard shell; 
brown color; 
smooth 
surface; low 
suture 
opening. 
Large, long 
narrow 
shape; 
deep 
wrinkled 
surface. 
Ballico, 
Languedoc 
Mission 
 Sonora  California 
type 
Harvested 7–
10 days after 
Nonpareil; 
alternative to 
Nonpareil. 
Paper shell; 
dark brown 
color; rough 
surface; high 
suture 
opening. 
Large, long 
narrow 
shape; 
light color; 
smooth 
surface. 
Sonora 
 Fritz California and 
Mission type 
Harvested 40–
60 days after 
Nonpareil. 
Soft shell; 
light color; 
good 
shell integrity; 
low suture 
opening. 
Small, 
medium 
plump 
shape; dark 
brown; 
fairly 
wrinkled 
surface. 
Fritz 
 Peerless Inshell-
Hardshell 
Harvested 7–
10 days after 
Nonpareil. 
Hard shell; 
light color; 
good shell 
integrity; 
smooth 
surface; no 
suture 
opening. 
Medium, 
wide 
shape; 
fairly 
wrinkled 
surface. 
Peerless 
 Price California 
type 
Harvested 7–
10 days after 
Nonpareil; 
Paper shell; 
dark brown 
color; rough 
Small, 
short 
narrow 
Price 
Table 3. Almond Variety (continued) 
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high 
percentage 
of doubles. 
surface; high 
suture 
opening. 
shape; 
fairly 
wrinkled 
surface. 
 
When deciding the two to three varieties one is going to plant, one needs to make sure 
that the trees will pollinate each other. The last column of the chart above shows what 
trees are not capable of pollinating each other. When choosing the almond trees for ones 
field, one also needs to make sure a correct rootstock is selected for proper growth. 
Rootstocks Varieties: 
 Rootstocks vary due to the type of soil, variety of trees, and irrigation method, see table 
4. Roots have a large impact on performance of the above ground segment of a tree. 
Rootstocks provide the tree with water and nutrients, just like any other root system on a 
plant. Almond trees are modified at the nursery, allowing a grower to choose the 
tree/rootstock to fit their need. In choosing a rootstock the following point should be 
considered. (Welsey. 2006) 
• Good anchorage (to allow for a strong stable tree) 
• Resistance to all major pests and diseases 
• No suckering 
• Produces hefty yield crops 
• Tolerant to all chemicals that may be used, (pesticides, herbicides, etc)  
Currently there are five types of rootstocks used in the almond industry. Each of the 
rootstocks have their pros and cons, which depends on the area and tree the rootstock 
must support.  
 
 
Rootstock Advantages Disadvantages 
Nemaguard  -Immune to rootknot nematode 
-Vigorous rootstock 
-Compatible with all almond 
varieties 
-Performs well in sandy loam & 
loam soils 
-Decent anchorage 
-Industry standard in San Joaquin 
Valley 
Susceptible to:  
-Ring & root lesion 
nematodes  
-Bacterial canker  
-Phytophthora  
-Oak root fungus  
-Crown gall  
-High soil pH / high lime  
-High salt in soil & water 
(sodium, chloride, boron) 
Lovell  -Better anchorage than Nemaguard 
-Slightly more tolerant of wet soil 
than Nemaguard 
-More tolerant to ring nematode 
and bacterial canker than 
Susceptible to:  
-All nematodes  
-Bacterial canker (less than 
Nemaguard)  
-Phytophthora & Oak root 
Table 4. Rootstocks 
Table 3. Almond Variety (continued) 
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Nemaguard fungus  
-Crown gall  
-High lime soils  
-High salt in soil & water 
(sodium, chloride, boron) 
Peach / Almond 
Hybrids  
Hansen, 
Nickels, 
Brights, 
Titan, 
Cornerstone 
 
-Very vigorous, can fill space 
more quickly 
-Excellent anchorage 
- Highly tolerant to rootknot 
nematode 
- Tolerant to high lime / high pH 
soils 
-More tolerant to high chloride 
than peach 
- More drought tolerant than peach 
-Very vigorous (trees may 
grow to big resulting in lower 
yields. 
-Very susceptible to ring 
nematode and bacterial canker 
-Very susceptible to root 
disease 
 (Phytophthora, Oak Root, 
Crown gall) 
 
Complex hybrids  
Viking, 
Atlas  
 
-Vigor is similar to Nemaguard  
-May have better anchorage than 
Nemaguard  
-Resistant to rootknot nematode   
-Somewhat tolerant to ring 
nematode  
--Less is known about Viking than 
others  
 
-Less susceptible to chloride 
than Nemaguard  
-Susceptible to dehydration 
during cold storage or 
transplanting 
 
Marianna -Resistant to rootknot nematode 
-Tolerant to wet feet fee 
-Tolerant to Phytophthora 
-Tolerant to crown gall 
-Resistant to heart rots 
-Resistant to Oak Root Fungus 
-Highly dwarfing rootstock  
-Suckers profusely  
-Incompatible with Nonpareil 
and Livingston  
- Marginal compatibility with 
Butte & Monterey  
-Susceptible to brown line & 
union mild etch  
-Susceptible to ring and root 
lesion nematodes  
-Very susceptible to bacterial 
canker  
 
In choosing a rootstock the above pro and cons should be properly gone over and 
discussed with the nursery. This will lead to some of their recommendations on what 
rootstock to choose based on the soil and variety of trees. A soil sample of the soil should 
be taken from the field of action. A proper sample should be conducted where samples 
are taken from different areas of the field. On a 20 acre lot a sample of 15-20 locations 
should take and range from a depth of 3-36 inches. This will allow for a complete soil 
analysis where the samples can all be averaged together to receive a well ranged sample. 
The soil sample will tell the grower and nursery a vast amount of information. Most of 
Table 4. Rootstocks (continued)  
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the soil samples include the following: physical and chemical properties (S P, pH, FIZZ, 
ECe, Cl, OM, CEC, Ca, Mg, K, Na, H), and soil nutrition (NO3-N, PO4-P, K, SO4-S, Zn, 
Mn, Fe, Cu, B). With all of the values of the soil sample filled in, a significant amount 
about the soil will be learned. Along with the soil sample a leaf analysis should be taken. 
This will lead to the grower knowing how much of the nutrients are taken up thru the 
rootstock to the tree itself.  
Planting and Spacing: 
In planting an orchard the field needs to be marked off in the north and south direction 
for tree planting. These markings are only made after the tree spacing has been 
determined. The tree spacing could vary by many different means; the variety of trees 
(vary in size), irrigation method, trees per acre wanted, and size of current equipment. 
Table 5 shows plant spacing and how that results in how many trees per acre. More trees 
to the acre results in more money for the grower, but if the spacing is to close the trees 
will not grow correctly resulting in a small yield per acre on a yearly basis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5. Plant spacing/trees per acre 
Figure 1. Planting Options  
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Once the planting spacing is determined, a way of planting the trees needs to deiced. May 
people choose to plant the trees on berms or leaves that run the length of the field. Berms 
may or may not fit ones needs. In some cases berms may not be able to get water to the 
small roots of the trees, due to the fact the roots are up in the berm itself. On berms the 
trees may have the ability to sink down due to the berm settling. This will result in a 
leaning tree, or the tree rootstock being too deep in the soil. Many people with irrigation 
such as drip or micro sprinkler use berms because if the irrigation system running on top 
of the berm already. This will insure good irrigation to the roots of the young trees. In the 
central valley area, growers also use berms with flood irrigation. The reason being the 
soil in the general area allows for good water penetration into the berms allowing an 
efficient amount of water. Also during the winter one wants to have the trees a little 
above the water during heavy rains. Berms allow the trees to be just high enough to 
insure safe growing.  
 
In planting trees each variety needs to be planted in a certain spot to insure correct 
pollination. There is many different ways in setting up a field which the grower will need 
to discuss with the nursery. In early years the planting was to have two nonpareil rows 
then a pollenizer row followed by another pollenizer row. In recent times this has change 
to a nonpareil row then pollenizer, switching back and forth across the field. The end 
result is a 50-50 filed instead of a 75-25 nonpareil-pollenizer field. This has been done 
because of better yield numbers and results. If no nonpareil tree are used the tree varieties 
are usually 50-50. (Micke 1996) 
 
Planting Trees – First Year: 
 
In planting trees time is very important factor, because of harvest and dormancy. Grower 
may try and get the crop off the trees that year and replant the same field within 2-3 
months. This allows very little time for a proper preparation of the field. Some grower 
result in letting the fields sit for one year, letting the soil recover and insure proper time 
for a well prepared field for planting. Growers may really want to try and accomplish the 
task in a few months but the rain or weather may stop that from happening. If time is 
pressed to far back the trees may have to be placed in cold storage, which stops trees 
from trying to grow and keeps them dormant. Many almond growers believe cold storage 
is not the best idea in the world, so many try and avoid it.  
 
When the soil preparation is fully complete the next usual step is planting of the trees. 
Different methods exist in how to plant the trees. The first method is to have the berms 
(or other type of soil preparation) complete and have a crew of people come through. The 
crew will dig a hole big enough of the root system of the tree, plant the tree, cover the 
roots, and make sure the crown of the tree is placed at the right angle. A crew usually a 
group of 20-30 people who have the ability to plant 20+ acres in one day if trees are 
available. Another option is the automated planter, where the machine goes down the 
designated row automatically digging the hole, planting the tree, and recovering the root. 
The automated planter has come along in the last few years becoming more and more 
accurate. When the machine first came out, it had a problem of misaligning the trees at a 
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diagonal angle. This would result in the unworked direction of the field being misaligned. 
The last option for planting is having a tractor put up berms and has the trees being 
placed in the berm at the same time. The setup includes a tractor, a rigger, 3-4 workers, 
and a rear platform for tree and workers. Each method has it pros and cons, which each 
grower needs to take into consideration and decide what method works best for their 
application.  
 
In planting almond trees, trees should be planted with the bud union higher than the soil 
line. The safest statute under ordinary conditions is to plant the tree at the equal depth it 
grew in the nursery row. This can be done by looking at the trees rootstock and seeing the 
depth the tree was previously planted to.  The reason being, the rootstock of the tree is 
stronger in resisting the Phytophthora species than the almond portion variety. Also, to 
prevent diseases caused by Phytophthora species, trees should be established on raised 
berms (Viveros 202). This has worked well in orchards which have a micro-sprinkler or 
drip irrigation system but it has not worked well in flood irrigated orchards (Viveros 
202). In planting tress direct contact between roots and soil is a must for the tree to grow 
properly. 
 
 To achieve good soil-root contact, the planter of the tree must properly apply soil around 
the root area with his fingers.  Or in other methods rely on the machine to o the job 
correctly. If the planting process is not correctly done it can injure the roots and trunk.  
These injuries can lead to a variety of problems including crown gall infections. Once the 
tree are successful planted the grower needs to hope for rain so the soil will settle around 
the roots. If rain does not come, a grower may choose to apply water to each tree via 
water tank. The field soil itself should be dry or contain same amount of moisture at the 
time of planting. Almond tree are supposed to be planted with the bud or union joint into 
the wind. The trees tend to lean in where the union was made so pointing the union into 
the wind will allow the tree to take higher wind speeds without falling over. Therefore 
depending on the growers area it may vary on which direction the union may be placed. 
If wind comes from multiple directions in the growers area, the most common wind 
direction should be chosen. If the trees lean too much and are not properly support the 
tree may shoot a new shoot on the opposite side of the trunk to try and even out the load 
of the tree. An almond tree correctly planted should only lean about 10 degrees into the 
wind. (Edstrom 2005) 
 
When trees are done being planted they will still have some branches. Workers will need 
to cut the tree to be a single trunk and top it about 36 inches high. This may be done also 
by pruning the trunk back to waist height. After all trees are pruned a carton needs to be 
placed onto/over the tree. Cartons or treeguard are cartons roughly 14inches tall and 4 
inches wide and are placed over the trees. These help prevent varmints or other animals 
from crewing on the lower part of the trunk and destroying the trees. Other methods may 
be sought after, but cartons are by far the most popular procedure. The short pruning will 
allow the tree to shoot new growth for the following year. This way each tress can be 
easily indentified if the tree did not successfully grow.  
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When a tree is planted during the duration of the first year fertilizers need to be added to 
the soil to ensure proper nutrients are getting the tree. Most common fertilization 
mixtures of 15-15-15 or 16-16-16 are used. The number represents the amount of 
fertilizer variety in each sac. During the course of the first year the farmer has a lot of 
choice in what to do with the field. The trees after there first pruning usually grow for a 
long distance without any more assistance. Fertilizer is added to the tree throughout the 
year. The soil is usually worked using a disk or plow to continue breaking up the soil. 
One main thing is to make sure the tree continues to grow strait though irrigations and 
wind. Hold the tree strait may be done by a couple of different ways. First driving a stake 
next to each tree where the tree can be tied to the stake for support. Another way is to 
drive an anchor into the ground with rope attached to the main branch pulling the tree in 
the correct direction. The anchor method is more commonly used because of price 
comparison.  
 
Pruning: 
 
The second year of the tree is just as important, if not more important than the first year. 
The reason being; the farmer needs to being training each tree so that the tree will grow 
strait, strong, and be able to support the weight of the high crop yield. Pruning will affect 
how the tree will grow and how the future production will be affected. In Figure 2 the 
correct way to prune a young almond tree can be seen.  
 
Pruning thought the trees lifespan is a very important task. Many farmers prune their 
trees every year. Trees are pruned so they do not become over grown and equipment has 
a hard time making down the rows, almonds can be successfully removed from the tree, 
and so the tree does not become too large. Trees need to be kept in size check, so other 
trees and can grow along with all trees receiving the correct amount of sunlight down 
thru the whole tree. Annual pruning is recommend with about 60 lbs of pruning’s coming 
off each tree every year. Pruning should be done during the winter of each year when the 
crop and leaves are off the tree. But timing may be moved to a sooner time if dead wood 
needs to be removed from the field because it is almost impossible to see the dead wood 
during winter. Pruning may also be done by mechanical or hand, and is up to the farmer 
to which method to use. Hand pruning is often preferred due to better cuts and precise 
limb removal. Hand pruning cost more, but often repays itself by trees producing a higher 
yield. (Castro 2009) 
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Irrigation: 
In the Central Valley of California, rainfall happens during the winter only therefore 
almond trees need additional water to survive. Irrigation can be done like by the above 
examples, but scheduling and water available becomes a large task to overcome. The 
average almond orchard throughout the valley uses about 39 inches of water throughout 
the year.  Therefore when an orchard produces around 2,000 lbs per acre, the ratio to 
produce 1 lb takes 500 gallons of water.  So when water is a limited budget a lot of effort 
Prune Method Yield (LBS) 
Year 1 2 3 Total 
Hand Prune 2,875 2,300 2,683 7,858 
Pyramid Prune 
(Mechanical) 1,590 2,386 2,671 6,647 
Perpendicular 
(Mechanical) 1,840 2,482 2,727 7,049 
Hedged (Mechanical) 945 2,848 2,277 6,172 
Figure 2: Second Year Tree Pruning (Micke 1996, Page 129) 
Table 6: Pruning Method (Hand vs. Mechanical) 
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is out into making the most or the water available. Equations are often used to find the 
proper irrigation method/schedule, for example the equation located below.  
                      	 
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Irrigation scheduling depends largely on the soil and the area the trees are located. The 
soil type allows how much or little the soil can hold in storage. With so many variables in 
the soil such as clay, sand, leaves, old organic matter, hardpan, and rock it may be hard to 
find the exact time to irrigate. When the water is applied to solve the infiltration rate also 
varies, because of methods. For example flood will allow a much larger infiltration rate to 
occur in a shorter time, see figure 3. So when flood is not used and drip/sprinklers are 
used irrigation duration must be found. If irrigation is not properly conducted permanent 
wilting point (pwp) will be reached and will lead to the tree looking starved of water. 
With different types of soil being able to hold different amounts of water farmers may 
irrigate different from one another. For example sandy loams have a available water 
content of 1.50 in/ft and clay has 2.10 in/ft. (Micke. 1996) 
 
 
 
 
 
 
 
 
Irrigation of almond trees starts around the first of March and counties on until October. 
This means the average farmer will irrigate the trees for duration of 6 months. With so 
much water needed for proper growth, correctly managing water is a must. This may 
change also if a drought or wet years occur, and further steps need to be taken.  With 
surface irrigation the average irrigation period for the central valley is every 3 weeks. 
With sprinkler and drip irrigation occurring once a day to once a week depending on 
duration.  
Floor Management: 
Floor management in an almond orchard becomes very important especially as years 3 
and 4 approach. During the first year, or the year of planting, the field is a mess from all 
the land preparation and roots that have been in the field. Therefore, disking is the most 
common option in floor management. This allows for the land, rock, and roots to be more 
broken up and create more of topsoil. Weeds are not wanted especially around trees, so 
Figure 3: Et Loss (Micke 1996, Page 153) 
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sprays may be applied around the trees where the disc cannot reach to stop weed growth. 
The land is usually worked in two direction with no real directional row determined yet. 
This method continues on until the end of year three.  
As year three comes around the soil should be well settled and holes from the ripper 
should be well filed. Therefore land surface preparation may begin. In almond, it is very 
important to have a solid, flat surface with no holes or inconsistence’s due to the fact 
harvest is performed on the ground. Land leveling or planning takes place to prepare the 
filed during summer and irrigated to make the leveled surface hard.  
When year 4 comes around the field surface is nice and level so disking is no longer 
sought after. Weeds continue to grow and are stop by mowing or spraying the ground. 
Cover crops can be planted to help with soil fertilization, water, or as another crop but are 
nearly never seen in the central valley. Spraying the whole field for weeds usually leads 
to high cost, therefore directional rows are placed and weeds are sprayed in the rows 
between the trees, known as strip-spray.(Micke. 1996) This leads to a clean soil surface 
between the trees and the rest of the field is usually mowed.  The ground may be worked 
every few years thereafter so the ground surface may become level again. The reason 
being through winter and winter sprays tractor may tear up the ground bad enough for a 
clean harvest surface. Another option may to blade the surface ground right after harvest 
preparing the soil for the next year. There are many ways to correctly do floor 
management and greatly depends on the farmer and if they have previous experience with 
almonds 
Pest/Disease: 
In farming almond there is a lot of variables that can cause harm to almond trees and their 
crop. Many people make a living solely trying to help people protect their trees. Below in 
table 7 shows the main factors that can cause harm to almond trees.  More information 
can be found on the follow in the appendix; for examples symptoms and steps to prevent 
or solve the problem. (Micke 1996) 
 
Known Pest Know Disease Parasites Animal Pest 
Naval Orange Worm Brown Rot Nematodes Squirrels 
Peach Twig Borer Shot Hole  Rabbits  
San Jose Scale Scab  Gophers 
Brown Mite Leaf Blight  Voles 
European Red Mite Rust  Deer 
Citrus Red Mite Hull Rot   Birds 
Oreintal Fruit Moth Bacterila Canker   
Fire Ant Blast   
Pavement Ant Ceratocystis Canker   
 
Root Rot   
 
Crown Root Rot   
Table 7: Pest and Diseases 
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Aerial Phytophthora   
 
Crown Gall   
 
Vericillium  Wilt   
 
Almond Leaf Scorch   
 
Preparation: 
Harvest preparation comes long before the real harvest comes. It begins as soon as the 
previously year’s harvest is over with. Many farmers being right away, preparing the 
ground for the next year. With so many variables going into harvest it takes good 
amounts of time to prepare. It starts with pruning and training the trees from a young age. 
Many trees can become so tall it is hard to properly shake the tree all get all the nuts 
down. Therefore every year trees may be pruned so this does not happen. Once again soil 
surface is a big factor, because the need for a soil smooth surface is a must.  
Not only do the trees need to be properly prepared, so does the equipment. During 
harvest numerous parts and components wear and break. The reason being, there are so 
many moving parts on any of the machines used problem are almost a must. Therefore 
machines need to be properly prepared so they stand the best chance in making it threw 
the harvest season. All joints need to be greased, wear parts need to be changed if they 
are to far gone, oils need to be changed, filter changed, tires checked, and overhauls of 
the working tractors. This time one puts in the begging will result to less time later in the 
season. On many farms or ranches during harvest machines run 24/7 so the machines 
need to be prepared to the best possible standard.  
Harvesting: 
The most important part to the almond industry and to the grower is harvesting. Over 
time the methods have changed from handpicking the nuts to harvesters traveling across 
the field to 3-5 miles per hour. Harvest all beings with nut removal from the almond tree. 
This is done mainly by one type of machine, unless trees are too small, and it is called a 
shaker. There are two different types of shakers; side shakers and mono boom shakers. 
Both work the same way and do the same job but side shakers are only able to shake 
trunks while the mono boom is able to shake any member of the tree. Each shaker uses a 
vibrating head that transfers the vibration to the tree resulting in a rapid vibrating tree, 
knocking a large portion of nuts off. In same case all the nuts will some off, while other 
times farmers are not so luckily.  
Table 7: Pest and Diseases (continued) 
  
 
 
Shakers are driven by a single person how needs to be 
machine. Some are automated now making it 
The reason being if the shaker driver is not trained the end result could be nuts left on the 
trees, or damaged truck which may result in a dead tree. 
In shaking there is three ways one can go about doing it. 
shaker and making a single p
machine shaking, which is shaking the tree twice during the nut maturing process 
allowing ready nuts to fall when they are ready. 
trees are too small or planted in such a way a machine cannot be used. Hand shaking is 
done by poles and mallets to hit the tree in certain spots to remove the nuts. 
After the shaking process a method called sweeping is u
Sweeping uses a method of raking and blowing to form the almond crop into 12
wide rows. Sweeping may be done by specifically designed machines or tractors with the 
correct attachments.  There are also two differen
pass, and a multiple pass sweeper. The single pass sweeper is a machine designed to 
make one pass down a row and have all nuts in their proper spot. This sweeper is new for 
2010 with only 15 in production. The traditi
down a row many times to get the nuts correctly positioned. 
machine called a harvester is used to put up the almonds off the orchard floor. The 
machine can be either pulled by a tract
blowers to pick up the almonds and blow the leaves out, while dropping picked up dirt 
out the bottom.   
Figure 4: Monoboom Shaker
Figure 6: Sweeper (Flory 2010)
 
 
properly trained to drive such a 
easier on the pilot but still need 
 
First is by using a machine 
ass through the field, see figures 4 and 5. Second is double 
Lastly is hand shaking, this is done if 
sually desired, see below figures
t types of sweeping machines; a single 
on sweeper a muiltpass sweeper, needs
 Once the nuts are in rows a 
or or self propelled. It uses a variety of belts and 
 
 
 
 
 
 (OMC 2010) 
 Figure 7: Harvester (Flory 2010)
Figure 5: Sprint Shaker
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Once the almonds are picked up the farmer may chose what to do with them. Many use 
super carts and run them to a elevator to a big truck which takes them to a hauler. Others 
stockpile their nuts until they see fit to hull and sell them. Other have their own hauler 
which adds a large overhead cost, but a greater profit. These processes need to be 
completed for every variety of nuts you farm. One can do them all together but the 
payout price would be low therefore it is worth harvesting at separate times. Once harvest 
is complete one can see the yield numbers and see if his/her way of farming pays off. 
Then the whole year starts over with some variables changing to improve and have a 
even better harvest.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
20 
 
 
 
 
PROCEDURES AND METHODS 
Design Procedure: 
Orchard Removal: 
The first step in any field is to take in to account the current condition of the field and see 
what desired steps need to be taken. In this project the current field has old almond trees 
that need to be removed. To make this decision current equipment and cost need to be 
taken into account. The reason being, it is not cost effective to hire someone if one 
already owns the equipment needed to do the operation. 
In this project the owner does not own any equipment to take on such a large task, 
therefore a third party was hired. 
In choosing the third party there was two options; first have the trees removed and cut for 
wood and second have the trees removed and grinded to sawdust. A third party was hired 
with the ability to grind the trees, and the reason this method was chosen was because of 
the time factor. The grinding method is over twice as fast as the traditional cut and 
removes way. The operation was set into motion and the trees were removed start to 
finish in 2 weeks.  
Orchard Preparation: 
One of the most important factors in preparing a field is the preparation. This can directly 
result on how well or poorly a orchard will grow and mature. In choosing the best way to 
start the field preparation research was completed to see what method had the best 
results. In this case many of the decisions were based on experience.  
The following steps were decided based on the location, field condition, and desired 
outcome. 
1. Have the field walked to pick up additional foreign matter the third party removal 
team missed during their operation. 
2. Have a D9-11 come in and have the field rip from north to south, and the west to 
east 
3. Have the field walked to pick up additional foreign matter. 
4. Have the field disked to break up large ground piece made by the ripper. 
5. Have the field leveled from north to south. 
6. Have the field fumigated, and disked. 
7. Have the field back hoed. 
8. Have the field disked. 
9. Have berms put up. 
The anode steps were based on research and availed funds for field preparation. The 
reason for having a crew go through the field twice to pick up foreign material was 
because of future problems the material may cause. It may cause no harm to the big 
equipment but then leveling or other smaller operations take place a left over root or 
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sprinkler pipe may become entangled with the equipment. In this it may cause harm 
to the equipment, so a is a wise decision in field preparation.  
The soil has been compacted for the last 22 years without any major break up; this is 
why a ripper step was included. A ripper has the ability to run a 6 foot chisel through 
the ground, breaking it up and mixing the material. This will allow for better 
infiltration or water over summer and a huge soil mixture that leads to helping the 
trees grow. 
When a field is completely ripped, the ground is broken into many large piece where 
an average orchard tractor would be greatly changed in smoothing the ground back 
out. Therefore a large third party tractor is desired to smooth out the field to make the 
ground somewhat level, where other operations may take place. 
In deciding which irrigation methods relates if the ground should be made laser 
leveled. In drip or other irrigation methods a perfectly level field is not required, but 
since this filed has the ability to be flooded a level field was desired. This may not be 
used all of the time, but on occasion may be used to remove ground pest or water the 
trees. Therefore the decision for the field to be level was made. 
In starting a field the old crop, regardless of what it was, may have left behind some 
disease or other insects that may cause harm to the young trees. Especially if the field 
previously had almonds, like this field, the chances are very high of unwanted things. 
If a field is planted without fumigation and the young trees are contaminated by some 
left over diseases it may be years for them to fully recover. Therefore in this case the 
fumigation process was a must do. Not only did the grower know it works from 
previous encounters but large amount of research has been compiled proving its 
capabilities. The process has to be accompanied by a disc after applied to lock into 
the soil, for that reason it is included in the preparation steps. 
In the field that this replanting is taking place, large amount of hardpan has been 
accounted for in previously soil samples taken. This is the reason the step of back 
hoeing was chosen. The backhoe holes are made directly were the trees will be 
planted therefore gives additional soil breakthrough in addition to the ripper. This 
step is costly, but in other field has been proven worthwhile. The reason being, deeper 
root system have been seen because they are not stopped by the harden material.  
The field just needs to be disked once again to regain somewhat of a level smooth 
field. This allows for the final step to be put into action, which are the berms. Berms 
have been decided to be used because of their ability to keep the trees high for their 
young life period. Berms help keep the trees high from major water gatherings and 
the berms allow the ground to settle deceasing the chance of the trees sinking out.  
Irrigation Design: 
For the field and growers need drip irrigation was decided upon. The reason this 
method of irrigation was chosen is due to its capabilities and versatility. The rest of 
the growers fields are based on drip irrigation, so some uniformity was wanted. Also 
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easy of irrigation was sought after. With a drip system irrigation can be set via timers 
allowing irrigation to run a desired times and multiple times. Also drip has the ability 
for fertilization to be directly applied, allowing for overall easy of operation.  
In installing the drip irrigation system, a third party will be hired to complete the task. 
The reason for this: first the grower does not have sufficient time complete the install, 
and the grower does not have the required equipment. Therefore in a cost analysis, it 
was proven a hired out company would be the best outcome. 
In addition to this field and drip system, the old flood irrigation was left in place. This 
was done for a backup or for a different option if need be. 
Fumigation: 
The fumigation process has been proven over many years of use in the almond 
industry. Test and other review process have been done by universities and farmers to 
show proven results. Once armed with detailed information about the risks of replant 
diseases, plant parasitic nematodes, and more aggressive pathogens and pests, 
growers can evaluate options for fumigation. For replant disease complex, 
chloropicrin and chloropicrin mixtures are generally used. 
In University of California trials supported by the Almond Board of California, spot 
fumigation treatments of chloropicrin using the irrigation system installed for the 
replant trees was effective in preventing replant disease. The drip emitters effectively 
treated the root zone of the future tree. Successful spot fumigations were also made 
using a GPS-controlled shank injection.  
With data information being found that shows a proven result while using fumigation 
leads to the decision of the 20 acres being fumigated. In this case the whole filed will 
be done using a track tractor with a GPS unit for proven results and efficiently.  
Tree Varieties: 
With some many tree varieties out in the industry it is hard to chose what type may 
best suit the farmers’ needs. Therefore many items are taken into account to make a 
correct choice. If the farmer already has a certain tree variety he/she may want to 
continue using that variety or completely change. The reason a farmer may change in 
varieties is to have different bloom times, so if one variety may fail another may 
bloom well. Also soil type and climate play a factor, but not to such to effect variety 
choice. When choosing the 2-5 varieties in a filed the most important factor is to 
make sure that each variety has another to pollinate with. The trees are male/female 
where they need one another to produce a crop.  
Rootstock Varieties: 
Choosing a resistant rootstock when replanting an almond orchard will help improve 
chances of tree vigor whether fumigation is an option or not. If possible, allowing the 
land to remain unplanted for a season after the old orchard is pulled will eliminate the 
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food source for pathogens. In addition, with some diseases the presence of nematodes 
worsens the disease problem; in these instances, rootstocks resistant to both the 
disease and nematodes should be considered. Resistant rootstocks are not stand-alone 
disease prevention tools; however, in conjunction with good cultural practices, they 
are the first line of defense in managing replant diseases.  
Planting and Spacing: 
In deciding how to plant an almond field certain factors need to be taken into 
consideration. The most important is how many trees to the acre. With the tables in 
the literature review one can easily see what plant spacing will produces the highest 
yields. With the tree so far apart the pounds per acre goes way down. The reason 
being there is just way to much space not being used. This allows the tree to become 
way to big and still only produce as much as a smaller tree would. On the other hand 
one would think a real tight planted orchard would be loaded as far as pounds per 
acre. But this is wrong, due to the fact of the trees fight over each resource. Every tree 
needs an own amount of sun shine to full grow and produce. Which when they are 
small this is not an issue but after two to three years the trees start to fight one another 
for sun. This is done by one tree becoming slightly taller and shading out other. The 
one receiving the sun will still not grow big and will defiantly stop other from 
growing.  
Also when trees are planted so close together they fight over much more than sun. 
They fight for water and nutrients from the soil. With so many trees like in the 14 ft 
by 14 ft example the trees are steal water and nutrient from one another, this allows 
no tree to get their correct amount and a fast depletion of valuable nutrients and water 
in the soil. Plus at this day in time water is hard to come by in some places, making 
difficult to insure good water duration to closely planted fields. As the wide space 
trees have enough water and nutrients, but in most cases the ground can easily 
support more. Therefore close consideration needs to be taken place on both sides 
coming to somewhere in the middle.  
Planting Trees: 
In the order of planting trees three main factors need to be sought out. The first being 
the time in the year the trees will be planted. In the almond industry this time is 
around the mouth of January due to the trees being dormant. The trees can only be 
planted while dormant unless there are placed in cold storage or a potted tree is used. 
In the current nursery market, only one uses potted trees. The second factor is how 
the tree will be planted. Almost 100 percent of the farmers will plant on a berm for 
lack of a better way. In planting the tree there are two options; hand planting or 
mechanical planting. The mechanical way is to use a machine to plant and place a tree 
in the hole one after another. This method is somewhat new and has not proven itself. 
Hand planting is what 90 percent of today’s farmer’s use.  
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Pruning: 
Pruning almond trees greatly depends on the farmer and how they like to train their 
trees. All trees are pruned heavy for the first two years of growth, and then different 
strategies take place. Training and pruning almond trees is considered an art and a 
science by many growers. The art is the pleasant tree shape created by the skills of the 
pruner and the science is the tree responds to pruning. Both art and science interrelate 
to each other. To create a well formed tree the pruner needs to understand tree 
responses to a given pruning cut. In addition, the pruner needs to understand that the 
purpose of pruning is to train a young tree to a permanent framework which will 
optimize a bearing surface as soon as possible. Furthermore, he needs to understand 
that it is counterproductive to be fighting the tree's natural growth habit. (Castro, J. 
2009) 
Irrigation: 
The choice of irrigation system depends directly on your location. If no canals run to 
a current field a well will have to be put in. Also no type of flood irrigation may be 
used due to unlevel surface. If the field is level and has a canal system it depends on 
the farmer. If the soil is sandy a drip or sprinkler irrigation will be used due to the 
short time in between irrigations. In heavy soils any type of irrigation may be used. 
With drip/sprinkler many fertilizers may be place directly into the system allowing 
easy of work. All factors need to be taken into account and decide upon. 
Pest/Disease: 
Pest and Disease vary to each almond ranch in each area. Many trees may have the 
same dieses or pest but due to the surrounding environment only certain methods may 
be aloud. The best way is to hire a PCA to help with pest and disease this way all 
rules and regulations are correctly followed and the pest pr dieses may be stopped 
correctly. For this project an average cost was found based on experience to known 
problems in the area. 
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RESULTS  
Improved management strategies are needed for on almond trees. Land area planted to 
the crop has roughly quadrupled in the last 30 years in California, and the risk of almond 
replant problems is expected to increase as the growing districts age. 
 
Results found for ideal almond productivity for Modesto, Ca. 
 
Climate Zone: 12  
This part of the Northern California Central Valley is situated just inland of the Bay Area. 
This climate zone experiences cooler winters and hotter summers than Climate Zone 3 
(Bay Area). Winter rains fall from November to April. Tule fog is common in the winter 
east of Mount Diablo. Some lower areas receive frost on winter nights. 
  
 Soil: Sandy loam to loam with vanes of hard pan 
 
Orchard Removal: Done by third party at a cost of 100 dollars per acre 
 Orchard Preparation: The following steps were taken 
 Have the field walked to pick up additional foreign matter the third party 
removal team missed during their operation. 
 Have a D9-11 come in and have the field rip from north to south, and the 
west to east 
 Have the field walked to pick up additional foreign matter. 
 Have the field disked to break up large ground piece made by the ripper. 
 Have the field leveled from north to south. 
 Have the field fumigated, and disked. 
 Have the field back hoed. 
 Have the field disked. 
 Have berms put up. 
            Irrigation Design: Drip irrigation system installed by third party and farm manger 
Fumigation: The ground was fumigated 
Tree Varieties: Nonpareil, Carmel and Butte. With a 50%-25%-25% plant ratio 
 
Rootstocks Variety: Nemaguard was used 
Planting and Spacing: 17 feet by 21 feet to have 122 trees per acre 
Planting Trees: Trees were planted on January 15, 2010, on berms, and hand planted 
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Pruning: 
Year 1 2 3 4 5 6 7 8 
Prune Yes Yes Yes Yes Yes Yes Yes 7-15  
Same Man Yes Yes Yes Yes Yes Yes Yes 
Machine No No No No No No No 
Amount 80% 40% 30% 20% 10% 10% 10% 
 
 
Irrigation:  
Time Fall Winter Spring Summer 
Irrigation Yes Yes Yes Yes 
Days Depend on weather When Freezing Depend on weather Every Other 
Duration Depends Depends 12 hr 12 hr 
Reason Tree needs water To prevent freeze Tree needs water Tress needs water 
 
Floor Management:  
Years 1-3: The floor will be disked every direction to have break up soil and create good 
top soil. Especially in the first year, after the second and third will be disc one direction. 
This will the rows start to form, and land planes will be used in years 2 and 3 to get a flat 
surface formed.  
Years 3-17: The floor of the field was to keep the strips between the trees clean at all 
times. This was done by using herbicides to prevent weed growth. The centre of the row 
was to remain with weed growth to help some of the pest stay away for the trees, and 
prevent freeze damage. Before harvest the ground is sprayed and mowed short to have a 
clean floor for harvest. The ground may be disked with land planes to re groom the 
surfaces every three years.  
Pest/Disease: 
The pest and dieses of the field where looked after by a third party PCA. The PCA came 
out bi weekly for test and inspections. In most cases, like in the case the PCA did not 
charge for the time to check the field as long as the chemicals for most of the matters 
where bought through him.  
In the current field of this project little to no chemicals has been used. A price was found 
on surrounding orchards data and was placed in the result table to see how much gain 
could be had. Therefore the price is liable to change due to the trees behavior and ground. 
Only fertilizers have been placed into the field. In this case three course of grainer 16-16-
16 have been used. Each tree receiving 10 oz of the fertilizer. Each course was followed 
by irrigation, and is used to boost the trees nutrients intake for a better growth and future 
yield.  
Preparation: 
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Preparation of the field in this case, was mainly disking due to the age of the trees. But 
further information was gathered and placed into the charts to see how much and what 
type of preparation would be taking place over the next set of years. 
Harvesting: 
For this project harvesting did not take place on the field due to their age. Therefore 
prices were gathered and placed in the chart below to show the expense. For harvest the 
following would be done. 
 Shaking would be done by an OMC Sprint shaker able to shake 5-7 trees a minute 
 Sweeping would be done by a Flory 56 series covering 1 acre in 1 hour 
Harvesting would be done by a Flory 8500 harvester with OMC Aftershock Bank 
out able to cover the 20 acres in 4-6 hours.    
 
 
 
Following Tables are the Cost and Profit Gain from a 20 acre plot of Almond trees 
 
 
Cost for Orchard Planting 
  Cost Per Acre Acres Total 
Planting Cost    
Fumigation   $          950.00  20  $     19,000.00  
Disking   $            12.50  20  $          250.00  
Ripping   $          300.00  20  $       6,000.00  
Leveling   $          150.00  20  $       3,000.00  
Trees   $          500.00  20  $     10,000.00  
Planting   $          125.00  20  $       2,500.00  
     $     40,750.00  
Irrigation     
Drip   $      1,000.00  20  $     20,000.00  
    Total   $     60,750.00  
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Cost/Income per Acre of Almond Trees 
Year  1 2 3 4 5 6 7 8 9 10 
Leasing Land  $          
667.28  
 $      
667.28  
 $          
667.28  
 $      
667.28  
 $      
667.28  
 $      
667.28  
 $      
667.28  
 $        
667.28  
 $        
667.28  
 $           
667.28  
Orchard Planting  $      
3,037.50  
 -   -   -   -   -   -   -   -   -  
Pruning    $            
10.00  
 $        
15.00  
 $             
25.00  
 $        
55.00  
 $        
70.00  
 $      
125.00  
 $      
125.00  
 $        
125.00  
 $        
125.00  
 $           
125.00  
 
Stacking  $              
5.00  
 $        
10.00  
 $             
13.00  
 $        
13.00  
 $        
13.00  
 $        
13.00  
 $        
13.00  
 $          
13.00  
 $          
13.00  
 $             
13.00  
 
Shredding  $              
8.00  
 $        
12.00  
 $             
14.00  
 $        
19.00  
 $        
22.00  
 $        
22.00  
 $        
22.00  
 $          
22.00  
 $          
22.00  
 $             
22.00  
Tieing 
Trees 
  $                   
-    
 $        
60.00  
 $             
60.00  
 $        
60.00  
 $               
-    
 $               
-    
 $               
-    
 $                 
-    
 $                 
-    
 $                    
-    
Staking   $            
60.00  
 -   $                   
-    
$               
-    
 $               
-    
 $               
-    
 $               
-    
 $                 
-    
 $                 
-    
 $                    
-    
Tree Removal  $            
12.00  
 $        
14.00  
 $             
18.00  
 $        
20.00  
 $        
20.00  
 $        
20.00  
 $        
20.00  
 $          
28.00  
 $          
32.00  
 $             
45.00  
Re-Plants   $            
32.00  
 $        
32.00  
 $             
32.00  
 $        
32.00  
 $        
32.00  
 $        
50.00  
 $        
64.00  
 $          
75.00  
 $          
80.00  
 $             
80.00  
Re-Plant Care  $              
2.00  
 $          
4.00  
 $               
5.00  
 $          
7.00  
 $          
9.00  
 $        
10.00  
 $        
10.00  
 $          
10.00  
 $          
10.00  
 $             
10.00  
Broken Limbs  -   -   -   $          
1.00  
 $          
5.00  
 $          
5.00  
 $          
5.00  
 $             
2.00  
 $             
2.00  
 $                
2.00  
Irrigation   $          
196.00  
 $      
196.00  
 $          
196.00  
 $      
196.00  
 $      
196.00  
 $      
196.00  
 $      
196.00  
 $        
196.00  
 $        
196.00  
 $           
196.00  
Fertilizer   $            
26.00  
 $        
31.00  
 $             
41.00  
 $        
55.00  
 $        
85.00  
 $      
125.00  
 $      
175.00  
 $        
125.00  
 $        
175.00  
 $           
125.00  
Sprays            
 
Dormant  -   -   $             
39.00  
 $        
52.00  
 $        
52.00  
 $        
52.00  
 $        
52.00  
 $          
52.00  
 $          
52.00  
 $             
52.00  
 
Bud  -   -   -   $        
42.00  
 $        
42.00  
 $        
42.00  
 $        
42.00  
 $          
42.00  
 $          
42.00  
 $             
42.00  
 
Hole rot   $        
26.00  
 $             
29.00  
 $        
49.00  
 $        
49.00  
 $        
49.00  
 $        
49.00  
 $          
49.00  
 $          
49.00  
 $             
49.00  
 
Mites  $            
18.00  
 $        
22.00  
 $             
26.00  
 $        
26.00  
 $        
26.00  
 $        
26.00  
 $        
26.00  
 $          
26.00  
 $          
26.00  
 $             
26.00  
 
Weeds (3)  $          
150.00  
 $      
150.00  
 $          
150.00  
 $      
150.00  
 $      
150.00  
 $      
150.00  
 $      
150.00  
 $        
150.00  
 $        
150.00  
 $           
150.00  
Tractor Rental  $            
75.00  
 $        
75.00  
 $             
75.00  
 $        
75.00  
 $        
75.00  
 $        
75.00  
 $        
75.00  
 $          
75.00  
 $          
75.00  
 $             
75.00  
Disking (2)   $            
12.00  
 $        
12.00  
 $             
12.00  
 $               
-    
 $               
-    
 $               
-    
 $        
12.00  
 $                 
-    
 $                 
-    
 $                    
-    
Leveling   $              
6.00  
 $          
6.00  
 $               
6.00  
 $               
-    
 $               
-    
 $               
-    
 $          
6.00  
 $                 
-    
 $                 
-    
 $                    
-    
Mowing 
(3) 
  $                   
-    
 $               
-    
 $                   
-    
$        
15.00  
 $        
15.00  
 $        
15.00  
 $               
-    
 $          
15.00  
 $          
15.00  
 $             
15.00  
Pollination   $                   
-    
 $               
-    
 $                   
-    
$               
-    
 $      
360.00  
 $      
360.00  
 $      
360.00  
 $        
360.00  
 $        
360.00  
 $           
360.00  
Harvesting            
 
Shaking  $                   
-    
 $               
-    
 $                   
-    
$      
125.00  
 $      
125.00  
 $      
125.00  
 $      
125.00  
 $        
125.00  
 $        
125.00  
 $           
125.00  
 
Polling  $                   
-    
 $               
-    
 $                   
-    
$               
-    
 $               
-    
 $        
10.00  
 $               
-    
 $          
10.00  
 $                 
-    
 $             
10.00  
 
Sweeping  $                   
-    
 $               
-    
 $                   
-    
$        
34.00  
 $        
34.00  
 $        
34.00  
 $        
34.00  
 $          
34.00  
 $          
34.00  
 $             
34.00  
 
Pick-up  $                   
-    
 $               
-    
 $                   
-    
$        
25.00  
 $        
25.00  
 $        
50.00  
 $        
75.00  
 $          
75.00  
 $          
75.00  
 $             
75.00  
 
Hulling  $                   
-    
 $               
-    
 $                   
-    
$        
25.00  
 $        
25.00  
 $        
50.00  
 $        
75.00  
 $          
75.00  
 $        
112.00  
 $           
112.00  
 
Blow/Rake  $                   
-    
 $               
-    
 $                   
-    
$        
17.50  
 $        
17.50  
 $        
17.50  
 $        
17.50  
 $          
17.50  
 $          
17.50  
 $             
17.50  
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Misc 
Labor 
  $              
7.00  
 $          
7.00  
 $               
7.00  
 $          
7.00  
 $          
7.00  
 $          
7.00  
 $          
7.00  
 $             
7.00  
 $             
7.00  
 $                
7.00  
Misc Cost   $            
20.00  
 $        
20.00  
 $             
20.00  
 $        
20.00  
 $        
20.00  
 $        
20.00  
 $        
20.00  
 $          
20.00  
 $          
20.00  
 $             
20.00  
 
           
Overhead cost           
Office   $              
7.00  
 $          
7.00  
 $               
7.00  
 $          
7.00  
 $          
7.00  
 $          
7.00  
 $          
7.00  
 $             
7.00  
 $             
7.00  
 $                
7.00  
PCA   $            
10.00  
 $        
10.00  
 $             
10.00  
 $        
10.00  
 $        
10.00  
 $        
10.00  
 $        
10.00  
 $          
10.00  
 $          
10.00  
 $             
10.00  
Taxes   $          
185.00  
 $      
185.00  
 $          
185.00  
 $      
185.00  
 $      
185.00  
 $      
185.00  
 $      
185.00  
 $        
185.00  
 $        
185.00  
 $           
185.00  
Insurance   $            
72.00  
 $        
72.00  
 $             
72.00  
 $        
72.00  
 $        
72.00  
 $        
72.00  
 $        
72.00  
 $          
72.00  
 $          
72.00  
 $             
72.00  
Repairs   $            
15.00  
 $        
15.00  
 $             
15.00  
 $        
15.00  
 $        
15.00  
 $        
15.00  
 $        
15.00  
 $          
15.00  
 $          
15.00  
 $             
15.00  
Buildings   $            
33.64  
 $        
33.64  
 $             
33.64  
 $        
33.64  
 $        
33.64  
 $        
33.64  
 $        
33.64  
 $          
33.64  
 $          
33.64  
 $             
33.64  
Equipment   $            
64.00  
 $        
68.00  
 $             
68.00  
 $        
68.00  
 $        
68.00  
 $        
68.00  
 $        
68.00  
 $          
68.00  
 $          
68.00  
 $             
68.00  
Tools   $            
12.50  
 $        
12.50  
 $             
12.50  
 $        
12.50  
 $        
12.50  
 $        
12.50  
 $        
12.50  
 $          
12.50  
 $          
12.50  
 $             
12.50  
 
           
Total cost Acre  $      
4,742.92  
 $   
1,762.42  
 $       
1,838.42  
 $   
2,190.92  
 $   
2,544.92  
 $   
2,718.92  
 $   
2,825.92  
 $     
2,798.92  
 $     
2,884.92  
 $        
2,857.92  
 
           
Income   $                   
-    
 $               
-    
 $                   
-    
$   
1,500.00  
 $   
3,272.50  
 $   
3,740.00  
 $   
4,675.00  
 $     
5,984.00  
 $     
5,984.00  
 $        
5,984.00  
 
           
Profit   $                   
-    
 $               
-    
 $                   
-    
$               
-    
 $      
727.58  
 $   
1,021.08  
 $   
1,849.08  
 $     
3,185.08  
 $     
3,099.08  
 $        
3,126.08  
 
           
 
         10 Year Profit Per 
Acre=  
 $        
4,664.22  
 
        
20 Acre profit=         $  93,284.40 
Data concluded from a Interview and The Almond Production Manuel             
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DISCUSSION 
During the project some aspects where proven to be very difficult to accomplish. The 
main reason for this is because the project trying to be completed tasks place over 10 
years. The field this project is based on was planted in January 2010, therefore the 
beginning on how to plant and grow a field is highly accurate. This may be the most 
important task to overcome while planting an almond field, because once the trees are 
picked, decided upon, and planting one cannot change the variables. Once the irrigation, 
spacing, and all other component are in place they cannot be moved. But from the first 
year out, the rest is all based on previous info from other surrounding orchards. Therefore 
the data was compiled along with experience to predict the outcome.  
The project in hand deals mainly with how to start an almond ranch to receive the highest 
yield down the road. This project deals with that hand in hand, because it goes through 
what every farmer has to decide when planting a field. Like before the difficulty lays in 
what is ahead to come in the future. Even though the field is surrounding mostly by the 
same growers almonds, the field could prove to have some unseen event that may cause 
the data to be wrong. This however is very unlikely because the field had almonds 
previously which should have shown any huge unseen problems.  
Other difficulties were trying to collect a lot of the data found in the report. Most of this 
report is based off experience and self found data rather than published data. This allows 
the report to be more acute, because the data gathered came from the surrounding area 
and has the same soil type, climate, and most farmers.  
The accuracy of the results in the report is accurate for the location of this almond field. 
If the location where to change inaccuracy would accrue because many of the steps taken 
in this operation may be forgot about. In turn other additional steps may take place in a 
different location. As far as the predicted yield and prices of cost and machinery lay 
within an accuracy range of plus/minus 5 percent. Again this is for the field in this 
location based on the proved plant spacing and farming techniques.  
The project had little to no design changes from what the results where to what was 
planted in the field. The reason being the report was based off some previous planting so 
the unseen events that came up during those planting where placed in this report to see a 
smooth planting could be seen.  
The cost for this field removal and planting could vary greatly to another same size field 
being planting in almonds. The reason this is, is because there are so many variables that 
could change. For example this project had almonds previously which made the steps of 
placing new almond trees into the field relative easy and cost effective. But if almond 
trees where going to be placed at a location where a lot of clean up was required the cost 
numbers would vary greatly. For example if almond trees where being placed somewhere 
for ht e first time a lot of variables come into play. First, what is on the land; if an old 
dairy was on the land, all of it components and housing would have to be removed. This 
includes all underground components. Then water would have to be plumbed to the 
correct locations in the field for a uniform irrigation. This could add ten of thousand of 
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dollars to the start up planting fee. The cost of equipment work and the trees would be the 
same, but the fertilizer being used would change with the soil type. Along with many 
other factors that go into an almond field. Therefore cost and profit results vary greatly 
from location to location, and this report is regarding the location in Modesto California. 
A field planted 5-100 miles in any direction may change cost so much the profit point 
may be changed in years.  
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RECOMMENDATIONS  
The main improvement that would help this project be better, would to be to continue out 
the length of time to see how the results and profit change. Most almond fields stay in 
place anywhere from 14-20 years therefore if this project was taking the length of the 
duration it could greatly improve. It could improve because the assumptions and ideas 
placed could be put it to place, and results could be seen.  
If the project took place until the orchard was removed again, with notes, cost, and profits 
it would lead to a complete project. This would allow people to see a detailed cost and 
profit gain to see if an almond field would be worth the investment. This project is based 
on land in Modesto, California but could still be a base line for almond fields else where. 
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Soil Samples – East Field 
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Leaf Samples – East Field 
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